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Evidence for Early Membrane Antigens in Cytomegalovirus-infected Cells (Accepted 6 October 1980) SUMMARY Human cytomegalovirus (HCMV) induces membrane antigens (MA) which are detectable by immunofluorescent techniques as early as 24 h after infection. These antigens appear on the surface of infected cells in non-permissive human epithelioid and animal cells in addition to permissive human cells. The synthesis of the MA occurs in the presence of a DNA synthesis inhibitor, whereas RNA and protein synthesis inhibitors prevent its formation completely. These results demonstrate that the MA is a newly synthesized protein coded by an early function of the viral genome.
It has been reported that some herpesviruses, such as Epstein-Barr virus (Gergely et al., 1971) , turkey herpesvirus (Ishikawa et al., 1972 ) and Marek's disease virus (Mikami et al., 1973) , are able to induce membrane or surface antigens, detectable by immunofluorescent (IF) techniques, on the surface of infected cells. These antigens are generally believed to be an early product by a function of the viral genome because their production is apparently independent of viral DNA synthesis. Human cytomegalovirus (HCMV), a member of the herpesvirus group, can also induce membrane antigens (MA) in productively infected (Th~ & Langenhuysen, 1972; Gdnczdl & Andersen, 1974) , latently infected (Rapp et aL, 1975; Boldough et al., 1977) and virus-transformed cells (Albrecht & Rapp, 1973; Lausch et al., 1974; Geder et al., 1976) . During a comparative study between the formation of MA and synthesis of virus late antigens (LA) in HCMV-infected human cells using IF techniques, we found that the MA was induced as early as 24 h post-infection (p.i.) and its induction apparently preceded the appearance of the LA. In this report we describe the effects of DNA, RNA and protein synthesis inhibitors on the development of MA and present evidence that the MA is a newly synthesized protein coded by an early function of the viral genome.
The 'Inoue' strain of HCMV, used throughout these experiments, was propagated at low multiplicities in human embryonic lung (HEL) cells. Infectivity was titrated by plaque assay on HEL cells as described by Wentworth & French (1970) . A human rhabdomyosarcoma cell line (A204; Giard et al., 1973) , mainly employed for the study of MA development, was cultured in Eagle's minimum essential medium (MEM) containing 10% calf serum. FL (derived from human amnion), RK13 (derived from rabbit kidney) and LLCMK2 (derived from rhesus monkey kidney) cells, cultured in MEM containing 5 % calf serum, were also tested for the MA formation. Virus-infected cells were maintained in MEM supplemented with 2% calf serum. HCMV-specific MA and LA were examined by standard indirect IF tests using human convalescent sera. The sera, 'Os' and 'Sa', were used as the reference positive sera; they contained complement-fixing (CF) and IF antibody titres of 1:64 and 1:512 respectively. Serum 'Ho', which showed both C F and IF antibody titre of below 1:5, was used as a seronegative human serum. The sera 'Os' and 'Ho' were absorbed with sonicaUy disrupted A204 cell extracts (107 cells/0.1 ml of undiluted serum) for 1 h at 37 °C followed by overnight at 4 °C before use. Anti-herpes simplex virus type 1 (HSV-1) and type 2 (HSV-2) sera, prepared in rabbits, had a neutralization antibody titre of 1:1024 respectively. For the detection of MA, infected cells grown on coverslips were exposed to 0022-1317/81/0000-4313 $02.00© 1981SGM In the kinetic studies of the MA and LA development, A204 cells grown on coverslips were infected with HCMV at a multiplicity of infection (m.o.i.) of 2, After a 1 h adsorption period at 37 °C, unadsorbed virus was removed by washing the cells twice with Hanks' balanced salt solution and then maintenance medium containing no inhibitor, cytosine arabinoside (Ara C; 20 /~g/ml), actinomycin D (Act D; 5 pg/ml) or puromycin (Pu; 0.5 pg/ml) was added. The cells were incubated at 37 °C and the synthesis of MA and LA was examined at 6-h intervals after infection by IF tests using serum 'Os'.
As shown in Fig. 1 , MA was first detected at 24 h p.i. in 35 % of the cells. The number of cells showing MA increased with time and reached 100% at 36 h p.i. The addition of Ara C to the cultures did not affect the latent period before the appearance and subsequent development of MA, while Act D and Pu prevented the synthesis of MA completely. The appearance of MA detected on the surface of the infected cells with or without Ara C treatment was indistinguishable (Fig. 2a, b) . No fluorescence was detected at any of the times examined when infected cells were stained with seronegative 'Ho' serum (Fig. 2 c) , suggesting that interaction of antibody with the HCMV-induced IgG Fc receptor in infected cells (Furukawa et al., 1975; Keller et al., 1976) was not involved in our MA staining. Moreover, uninfected cells untreated or treated with inhibitors did not react with serum 'Os' (Fig. 2 d) . On the other hand, the first appearance of L A at 30 h p.i. in a small percentage ( 0 . 2 % ) of the cells was delayed about 11 h relative to the comparable situation (at about 19 h p.i.) for MA. Diffuse fluorescence was detected in the cytoplasm and nucleus in addition to intranuclear inclusion bodies. The percentage of LA-positive cells increased slightly more slowly than that of the MA-positive cells and a period of 66 h was necessary to reach a maximum (Fig. 1) . The addition of Ara C to the cultures resulted in complete loss of L A formation. Furthermore, the cells that had been treated with Act D or Pu showed no fluorescence throughout this experiment (Fig. 1) . Infectious virus was first detected only in the culture medium, to which no inhibitor was added, at 72 h p.i. Similar effects of these inhibitors were observed when H E L ceils or another H C M V , 'Towne' strain, was used.
Since H C M V D N A replication does not occur in non-permissive human epithelioid cells (St. Jeor & Rapp, 1973) and animal cells (St. Jeor et al., 1974; Stinski, 1978) , we tested to see whether H C M V could induce the M A in FL, RK13 and L L C M K 2 cells, in which neither LA nor infectious virus was produced. RK13 cells inoculated with H C M V (2 p.f.u./cell) reacted positively with serum 'Os' (Fig. 2e) , showing the M A formation at later stages (48 to 72 h p.i.) than that in the permissive cells. Moreover, the effects of Ara C, Act D and Pu on the MA formation were completely identical to those in Fig. 1 . No fluorescence was detected in uninfected RK~3 cells (Fig. 2f) , The same results were obtained in FL and LLCMK 2 cells infected with HCMV (data not shown).
The percentage of MA-positive cells in virus-infected A204 cells at 72 h p.i. depends on the inoculum size; 10 -3-, 10 -4-and 10-5-fold dilution gave 100, 57 and O-1% respectively. Ultraviolet light irradiation (7800 ergs/mm2), heat inactivation (for 30 rain at 56 °C) or neutralization of infecting virus by serum 'Sa' abolished MA-inducing ability, suggesting that infectious virus particles were required for MA formation.
Twelve HCMV-immune human sera, including sera from eight pregnant women, reacted positively with HCMV-infected A204 or HEL cells, whereas three seronegative human sera gave negative reactions. Anti-HSV-1 and -HSV-2 immune rabbit sera did not react with HCMV-infected A204 ceils. Moreover, high titre serum 'Os' lost its reactivity with the MA of infected A204 cells after absorption with HCMV-infected HEL cells (0.1 ml of undiluted serum was mixed with 107 infected cells, m.o.i. 1, for 72 h, incubated for 1 h at 37 °C followed by overnight at 4 °C). The reactivity of the absorbed 'Os' serum with uninfected HEL cells remained unaffected. These results demonstrate the antigenic specificity of the MA for HCMV.
Our results demonstrate that the MA detected in HCMV-infected cells is a newly synthesized protein coded by an early function of the viral genome. Recently, Stinski et aL (1979) found, by immunological and ultrastructural analysis, that HCMV-specified antigens were synthesized during the early phase of infection and were first inserted into the plasma membrane at 24 h p.i. These antigens were shown to be specifically incorporated into virions and dense bodies at the late stage of infection (Stinski et al., 1979) and to induce neutralizing antibodies (Stinski, 1976) . In addition, the cells transformed and latently infected with HCMV were found to share a common membrane antigen and to be specifically killed by HCMV-immunized spleen cells (Rapp et al., 1975) . These observations indicate that the MA plays an important biological role in humoral and cell-mediated immunity against HCMV infection.
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